Two species of aphelench, Bursaphelenchus rufipennis n. sp. and Ektaphelenchus obtusus, were isolated from the 'nematangia', cocoon-like structures found at the base of the hind wings of Dendroctonus rufipennis. The nematangia contained adult females of E. obtusus and the dauer juveniles of B. rufipennis n. sp. Only B. rufipennis n. sp. could be cultured on Monilinia fructicola on LGPDA (lactic acid-treated, glycerol-supplemented, potato dextrose agar). The new species of Bursaphelenchus is described and figured and some additional morphological characters are ascribed to E. obtusus, E. josephi, E. sandiaensis, E. smaelus (= E. prolobos) and E. terebranus after examination of type and/or voucher specimens. Bursaphelenchus rufipennis n. sp. has an adult body length of ca 500-1000 μm, medium a ratios (ca 25-38 for females and ca 30-40 for males), b ratios of ca 8-13 (female) and 7-11 (male), c ratios of ca 15-22 (female and male), c ratios of ca 3-4 (female) and ca 2-3 (male), and is characterised by three incisures in the lateral field, mitten-shaped spicules and a conical female tail that curves ventrally and possesses a variable tail tip. The new species is morphologically closest to B. corneolus, B. curvicaudatus, B. gerberae, B. paracorneolus and B. talonus. Morphological examination of type and/or voucher specimens of five Ektaphelenchus species revealed coarse transverse body annulation and three pairs of male caudal papillae (except for the two species where males are not described). Clear typological differences were observed among these five Ektaphelenchus species in the structure of the lip region, presence/absence of stylet knobs and male spicule morphology. Although these characters have not been consistently documented in the past, they may be diagnostic for species in the genus. Molecular phylogenetic analysis based on SSU and D2/D3 LSU sequences revealed that B. rufipennis n. sp. was closest to B. paracorneolus and that E. obtusus was closest to species of Ektaphelenchoides and a Cryptaphelenchus sp.
The spruce beetle, Dendroctonus rufipennis (Kirby), is a scolytid bark beetle that is distributed throughout most of northern North America. It is considered the most important natural mortality factor for all species of spruce year at the height of an outbreak in the late 1990s (Holsten et al., 1999) .
During a field survey of D. rufipennis from different geographical regions of North America for natural enemies, nematodes were discovered in 'nematangia', pocket-like structures at the jugal wing folds of one, or rarely, both of the hind wings of the beetles (see Cardoza et al., 2006) . Most of the nematodes observed were coiled adult females of Ektaphelenchus obtusus Massey, 1956 . However, dauer juveniles of an aphelench nematode were also observed inside these nematangia. Because of the difficulty in speciating dauers and the general similarity in the appearance of aphelench juveniles, it was presumed by Cardoza et al. (2006) that the only aphelench present and associated with the production of the nematangia was E. obtusus. Recent attempts to culture any nematode species present in nematangia on D. rufipennis on fungus yielded only cultures of an undescribed species of Bursaphelenchus Fuchs, 1937 which may be the same species that Massey (1956) referred to as B. talonus (Thorne, 1935 ) Massey, 1956 . The failure to culture E. obtusus supports the hypothesis that it is an obligate ectoparasite that initiates or helps to initiate the nematangia by feeding on the spruce beetle. It is also possible that it is a facultative ectoparasite but requires more specialised conditions or food to initiate a free-living phase. Both nematode species in the nematangia from D. rufipennis were morphologically compared with their known relatives and their molecular profiles were obtained and compared with those of other aphelench nematodes to infer their phylogenetic position.
Herein, the newly-recognised Bursaphelenchus species from the nematangia on D. rufipennis is described and figured as B. rufipennis n. sp., and several additional morphological characters are ascribed to E. obtusus in a redescription of this species. Also, based upon the morphological observation of type material and/or voucher specimens, several additional characters are ascribed to E. josephi Massey, 1974 , E. sandiaensis Massey, 1964 , E. smaelus Massey, 1974 (= E. prolobos Massey, 1964 and E. terebranus Massey, 1974. 
Materials and methods

SAMPLE COLLECTION AND NEMATODE CULTURE
Adults of D. rufipennis were collected from naturallyinfested spruce by Ken Zogas on the Kenai Peninsula of Alaska, USA (July 2005 and June 2006 ) and Georgette Smith from Fredericton, New Brunswick, Canada (April 2006) and shipped to the Forest Entomology Laboratory at the University of Wisconsin, Madison, WI. The beetles were sexed and placed separately within 200 ml screw cap glass jars and provided with pieces of excised spruce phloem and a Kimwipe ® (Kimberly Clark, Roswell, GA, USA). The insects were stored at 4 • C until dissected. Beetle hind wings were excised and rinsed with deionised water. Cleaned nematangia were transferred to a water drop on another slide to confirm that the nematodes were only present inside the nematangium. Representative nematodes of differing morphology were examined with light microscopy and collected separately for DNA extraction (see below) or pooled by morphology and inoculated onto a mycelial lawn of Monilinia fructicola (Winter) Honey growing on lactic acid-treated, 5% (v/v) glycerol-supplemented potato dextrose agar (LGPDA). In several cases, entire nematangia with both morphotypes of nematodes were cleaned and then ruptured onto fungal lawns for culture attempts. The nematodes isolated from the nematangia were grouped as dauer juveniles (= B. rufipennis n. sp.) and adult females (= E. obtusus) . No cultures of E. obtusus were ever obtained from the various attempts, but the dauer juveniles of B. rufipennis n. sp. were easily cultured from groups of hand-picked nematodes or excised nematangia on M. fructicola on LGPDA. They were given the culture codes 727B (Alaska, 2005) and 754B (Fredericton, Canada, 2006) . The adults of E. obtusus were stored at −70 • C for molecular profiling and the rest were fixed in 3% formalin-glycerol for morphological observation.
MORPHOLOGICAL OBSERVATIONS
Adults of B. rufipennis n. sp. from 2-week-old cultures of 727B and 754B were killed by heat (65 • C), fixed in 3% formalin-glycerol, processed through a glycerin-ethanol series using Seinhorst's method (see Hooper, 1986 ) and mounted in dehydrated glycerin according to the method of Maeseneer and d'Herde (see Hooper, 1986) . Adults of E. obtusus were similarly killed and processed to permanent slides.
The nematodes were compared morphologically with the type specimens and/or voucher specimens of B. talonus, E. josephi, E. obtusus, E. sandiaensis, E. smaelus (= E. prolobos) and E. terebranus obtained from The Harold W. Manter Laboratory of Parasitology, University of Nebraska State Museum, Lincoln, NE, USA. The slide numbers of the specimens observed in the present study are listed in Table 1 . As Massey (1956 Massey ( , 1964 Massey ( , 1974 did not define a holotype for any of these species, all the type 2) Slide originally registered as "Holotype". A lectotype was designated from the eight individuals on this slide as a result of the redescription in the present study.
3) Slide originally registered as "Holotype" or "Allotype". The specimens are regarded herein as syntypes.
series are regarded as syntypes. For E. obtusus, which is redescribed in the present study, we designated a relatively well preserved female as lectotype, the remaining former syntypes becoming paralectotypes. To avoid the possibility of loss or damage, specimens were not remounted. The lectotype can be distinguished from other specimens on the same slide by the morphometric values reported herein. For the type material of the other species we did not designate a lectotype, the type series being designated as syntypes. For the species description and morphological redescriptions the morphological terminology of Giblin-Davis et al. (2006) was used.
MOLECULAR CHARACTERISATION AND PHYLOGENY
DNA samples of B. rufipennis n. sp. and E. obtusus were collected and prepared as described by Ye et al. (2007) . The DNA base sequences of partial ribosomal DNA (= ca 1.6 kb of near full length SSU and ca 0.7 kb of D2/D3 LSU) and partial mitochondrial cytochrome oxidase subunit I (ca 0.7 kb) were determined for these two species following the methods of Kanzaki and Futai (2002) and Ye et al. (2007) .
Within the sequences determined, the SSU and the D2/D3 LSU were compared with those of the other aphelench species deposited in the GenBank database. The molecular phylogenetic status of these two species was determined with maximum likelihood (ML) analysis with 1000 bootstrap replications using the computer program TreeFinder (version: updated on May 2006; latest version available at http://www.treefinder.de).
Bursaphelenchus rufipennis * n. sp. = B. talonus apud Massey, 1956 nec Thorne, 1935 MEASUREMENTS See Table 2 .
DESCRIPTION
Female
Body cylindrical, relatively stout, ventrally arcuate or straight when killed by heat treatment. Lateral field beginning just anterior to level of metacorpus, extending posteriorly almost to tail terminus. Three incisures present in lateral field, decreasing to two at anterior and posterior ends. Head distinctly offset from body, lip region in lateral view less than 2.5 times broader than high. Stylet two part; cone short, ca 20-35% of total stylet length, shaft with slight basal thickenings. Procorpus cylindrical, ca 9.0 10.5 ± 0.8 15.0 ± 1.3 8.0 ± 0.7 11.0 ± 0.8 16.5 ± 0.7 13.0, 13.5 17 12 16.3 (9.0-11.5) (14.0-17.5) (7.0-9.0) (10.0-12.0) (16.0-18.0) (12-12) ( 
Male
Body cylindrical, relatively stout, tapered at both ends, J-shaped when heat-killed. Anterior region similar to female. Lateral field beginning just anterior to level of metacorpus, extending posteriorly to level of ventral preanal papilla; less distinct from ventral preanal papilla to beginning of bursal flap (= caudal alae) at level of subventral pair of postanal papillae (P3). Number of lateral incisures decreasing from three to two at both anterior and posterior ends. Gonad outstretched, reflexed in some individuals, sperm amoeboid. Tail arcuate, ca 2.3 anal body diam. long; terminus claw-like from lateral view. Spicules mitten-shaped, separate, ventrally arcuate, lamina gradually tapering from calomus to tip, rostrum triangular to conical, with pointed or blunt tip, condylus squared, sometimes slightly elongate dorsally, truncate with slight posterior recurvature, distal ventral end with small cucullus, ratio of spicule length measured along its arc divided by capitulum width (distance between condylus and rostrum) = ca 1.4; spicule length measured along its arc divided by spicule width posterior to rostrum = ca 1.8; junction of rostrum and calomus smoothly curved; lamina complex with midpoint widened and rounded, lamina dorsal contour often smoothly and symmetrically curved or curvature becoming slightly more pronounced at onethird of distance from distal end; ratio of depth of ca-pitulum depression divided by capitulum width = ca 0.16. Line drawn through anteriormost points of condylus and rostrum (along capitulum) and extending posterior dorsal lamina intersecting ventrally at less than 17 • angle. Seven precloacal and postcloacal papillae present; single midventral precloacal papilla (P1) just anterior to cloacal aperture, one pair subventral precloacal papillae (P2) in line with P1 papilla, one subventral pair of postcloacal papillae (P3) at ca 50% of tail length posterior to cloacal aperture, one small subventral pair of papillae (P4) ca halfway between P3 and tail terminus. Occasional asymmetry observed in P3 and P4 papillal arrangement. 'Bursa' smoothly rounded or with slight protruding distal end in ventral view, pointed in lateral view.
Dauer juvenile
Typical of morphology of dauer juveniles of genus. Body cylindrical. Lateral field with three incisures. Head dome-shaped, offset, lips not defined. Stylet degenerate, not clearly observed. Procorpus cylindrical, ca three to four body diam. long ending in degenerate metacorpus. Dorsal pharyngeal gland orifice not observed. Pharyngointestinal junction just posterior to metacorpus. Postcorpus glandular, degenerate, overlapping intestine dorsally ca 2.5-3 metacorpal lengths long. Excretory pore not clearly observed. Nerve ring visible, located ca 0.5 metacorpus length posterior to pharyngo-intestinal junction, hemizonid not clearly observed. Gonad anlagen at midbody. Anus visible in lateral view, not protuberant. Tail straight, conical, ca four times longer than anal body diam. Tail tip pointed.
TYPE HOST, VECTOR AND LOCALITY
Type specimens were obtained from 2-week-old cultures on M. fructicola-LGPDA on 17 September 2007. The cultures were originally started from dauer juveniles of B. rufipennis n. sp. isolated from nematangia on adult D. rufipennis that were caught in June 2005 on the Kenai Peninsula of Alaska (culture 727B).
OTHER LOCALITY
Also isolated from nematangia on adult D. rufipennis collected by Georgette Smith in April 2006 at Fredericton, New Brunswick, Canada (culture 754B).
TYPE MATERIAL
All type material was obtained from 2-week-old cultures of 727B. Holotype female (slide number Bursa-phelenchus rufipennis 727B F-01, USDANC number T-628t), three paratype females (slide number F-02-04, USDANC numbers T-5757p-T-5759p) and four paratype males (slide numbers M-01-04, USDANC numbers T-5760p-T-5763p) deposited in USDA Nematode Collection, Beltsville, MD, USA; three paratype females (slide numbers Bursaphelenchus rufipennis 727B F-05-07) and three paratype males (slide numbers M-05-07) deposited at Fort Lauderdale Research and Education Center, University of Florida, Fort Lauderdale, FL, USA; three paratype females (slide numbers Bursaphelenchus rufipennis 727B F-08-10) and three paratype males (slide numbers M-08-10) deposited in The Harold W. Manter Laboratory of Parasitology, University of Nebraska State Museum, Lincoln, NE, USA; and one paratype female (slide number Bursaphelenchus rufipennis 727B F-11) and one paratype male (slide number M-11) deposited in the Forest Pathology Laboratory collection, Forestry and Forest Products Research Institute, Tsukuba, Japan.
VOUCHER MATERIAL
Glycerol-mounted permanent slides of B. rufipennis n. sp. from culture 754B (see Table 2 ) are also deposited in the USDA Nematode Collection, Beltsville, MD, USA (five females and five males, USDANC numbers G-16405-G-16414) and The Harold W. Manter Laboratory of Parasitology, University of Nebraska State Museum, Lincoln, NE, USA (five females and five males).
DIAGNOSIS AND RELATIONSHIPS
Bursaphelenchus rufipennis n. sp. is characterised by the presence of three lines in the lateral field of males and females, a female tail which is smoothly tapered and weakly curves ventrally, female tail tip variously shaped from rounded, digitate to mucronate, male with mitten-shaped spicules with squared and slightly dorsally recurved condylus and seven caudal papillae.
The morphometric values of B. rufipennis n. sp. vary between the two populations and among individuals (see Table 2 ). Thus, the new species is compared with closely related species based on morphological traits.
Bursaphelenchus rufipennis n. sp. shares a mittenshaped spicule and three lateral lines with B. corneolus Massey, 1966 (number of lines not reported), B. gerberae Giblin-Davis, Kanzaki, Ye, Center & Thomas, 2006 , B. paracorneolus Braasch, 2000 , B. talonus and B. curvicaudatus Wang, Yu & Lin, 2005 (see Thorne, 1935; Massey, 1966; Braasch, 2000; Kaisa, 2003; Wang et al., 2005; Giblin-Davis et al., 2006) . However, B. rufipennis n. sp. is distinguished from B. corneolus by a stylet with basal knobs present vs absent, excretory pore position located at region of nerve ring vs one body diam. posterior to nerve ring, female tail tapered and weakly curved ventrally with variously shaped tail tip vs tapered and strongly ventrally curved -described as "hooked" by Massey (1966) -and spicule tip with minute (barely visible) vs obvious cucullus (Massey, 1966) . From B. gerberae, B. rufipennis n. sp. is distinguished by female tail being tapered and weakly curved ventrally vs tapered and strongly ventrally curved. Bursaphelenchus rufipennis n. sp. is distinguished from B. paracorneolus by female tail tapered and weakly curved ventrally vs tapered and strongly ventrally curved and spicule tip with minute (barely visible) vs large and obvious cucullus (Braasch, 2000) . Bursaphelenchus rufipennis n. sp. is distinguished from B. talonus by stylet basal knobs present vs absent, variable female tail tip which is rounded, digitate or rounded square vs bluntly rounded to subacute or with blunt mucro, and male spicule with small cucullus vs without (Thorne, 1935; Giblin et al., 1984; Kaisa, 2003) . Bursaphelenchus rufipennis n. sp. is distinguished from B. curvicaudatus by female tail weakly recurved ventrally, cylindrical and weakly tapered to tail tip (c = 3.4) vs long, thin and strongly recurved in distal region (c = ca 7, as measured from original photograph) and male caudal papillae with a pair of P4 vs a single ventral P4 as reported by Wang et al. (2005) , although this unusual morphological trait needs confirmation.
In the molecular phylogenetic comparison for D2/D3 ( Fig. 4) , B. rufipennis n. sp. was closest to B. paracorneolus and B. hylobianum (Korenchenko, 1980 ) Hunt, 1993 . However, B. rufipennis n. sp is easily distinguished from B. hylobianum by its mitten-shaped spicule with minute cucullus vs wide and square-shaped spicule with large and flat cucullus and presence of three vs two incisures in the lateral field.
MOLECULAR CHARACTERISATION AND PHYLOGENY
The molecular sequences of B. rufipennis n. sp. are deposited in GenBank with the accession numbers AB368529 (727B SSU: identical to that of 754B), AB368530 (727B LSU: identical to that of 754B), AB368527 (727B COI) and AB368528 (754B COI). The molecular sequences of SSU and LSU were identical between the two populations. However, 12 base pairs differed between these two populations in 661 bp of COI (1.8%). The molecular phylograms of Bursaphelenchus nematodes based on near full length SSU and on D2/D3 LSU are shown in Figures 3 and 4 , respectively. The precise status of the new species was not clearly defined by SSU analysis (Fig. 3 ), but it was included in a clade of all Bursaphelenchus species except for the sister taxon, B. abruptus. The closest inferred relatives of B. rufipennis n. sp. in D2/D3 LSU analysis were B. paracorneolus and B. hylobianum but with only 76% bootstrap support (Fig. 4) . Thus, the molecular data supports the independent species status of B. rufipennis n. sp. relative to the other nominal species that have been sequenced.
COMPARISON WITH VOUCHER MATERIAL
The dauer (dispersal) juveniles of B. rufipennis n. sp. were found in the nematangia formed on the hind wing of D. rufipennis. Examination of permanent slides made by Massey of nematodes from D. rufipennis (a paratype slide of Ektaphelenchus obtusus: slide number HWML17594, 17595) contained several adults of "Bursaphelenchus sp.", which Massey (1956 Massey ( , 1974 later considered to be "B. talonus". Bursaphelenchus talonus was originally described from D. ponderosae Hopkins (Thorne, 1935) . The morphometrics and general morphology of the nematode observed by the authors and those of B. talonus reported by Kaisa (2003) are shown in Figures 5-7 and Tables 2  and 3 .
There were no morphological differences observed between RGD727B, RGD754B and Bursaphelenchus sp. on Massey's permanent slide (all from the same host beetle, D. rufipennis, from spruce trees). However, these three populations differed from B. talonus (from the mountain pine beetle, D. ponderosae, from pine trees) in several morphological and morphometric characters. Therefore, we concluded that the nematode referred to as "B. talonus" by Massey (1956) from D. rufipennis is actually B. rufipennis n. sp., not the B. talonus described by Thorne (1935) .
Interestingly, an individual female in the type material of B. talonus had a blunt mucro at its tail tip, although Kaisa (2003) described the female tails as "bluntly rounded or subacute, mucro absent". The polymorphism is currently considered to be intraspecific variation. However, re-isolation and additional morphological observation are necessary to clarify the point.
REMARKS
The dauer juveniles of B. rufipennis n. sp. were isolated from nematangia formed on the hindwing of the spruce beetle, D. rufipennis, with E. obtusus at the type locality in Alaska and also from Fredericton, Canada (origin of 754B). This contrasts with the isolation by Massey (1956) of B. rufipennis n. sp. from the nematangia on the inner surface of the elytra of D. rufipennis collected at Red Table Mountain, White River National Forest, Colorado (i.e., the type locality of E. obtusus). Massey, 1956 (Figs 8-11) MEASUREMENTS See Table 3 .
Ektaphelenchus obtusus
DESCRIPTION
Female
Morphological characters based on fresh specimens and type and voucher materials. Body cylindrical, relatively stout, ventrally arcuate when killed by heat treatment. Cuticle with fine and coarse annulations. Three incisures in lateral field. Head distinctly offset from body. Stylet with wide lumen, separated into two parts, a shorter cone, ca 30-40% of total stylet length and longer and wider shaft with very slight basal thickenings. Distinct retractor muscle connecting lip region and base of stylet. 
Male
Not isolated in present study but paratype male and several voucher specimens were available for observation. General morphological traits as described by Massey (1956; 1974) , i.e., possessing three pairs of caudal papil-lae (confirmed only in one voucher specimen), mittenshaped spicules with flat cucullus and bluntly rounded tail tip lacking a spike or bursa. Spicules paired, mittenshaped. Condylus straight, with bluntly rounded anterior end, width apparently variable depending on focal plane. Rostrum triangular to conical, with pointed distal end. Capitulum depressed slightly at midpoint, small bump present at one-third distance from anterior end. Condylus to calomus and lamina connected smoothly. Laminacalomus complex wide, strongly ventrally curved at midpoint. Distal end strongly recurved dorsally, connected to a flattened cucullus. 
REMARKS
Ektaphelenchus obtusus was originally described by Massey (1956) as an associate of D. rufipennis. In the original description, the nematode was isolated from the body cavity and body surface of all stages of the beetles. Massey (1974) later reported, "Cocoons made by Ektaphelenchus obtusus Massey, 1956 beneath the wing covers of D. rufipennis may contain as many as 75 females and a single male. The cocoons evidently burst after or during construction of the egg gallery as the galleries contain numerous mature and immature individuals of the species. On rare occasions, E. obtusus has been recovered from the body cavity of the spruce beetle. Infections are relatively light -at the most, 6 or 7 individuals in the hemocoel. It is possible that in time the nematode will become a true parasite".
In the present study, only adult females of E. obtusus were isolated from the nematangia, a cocoon-like pouch formed on the jugal fold of the hind wing of the vector beetle. Cardoza et al. (2006) reported that about 60% of the spruce beetles that they examined had nematangia on at least one of their hind wings, but that none of the D. ponderosae Hopkins or Ips pini Say examined did. Interestingly, Massey (1974) reported that all three of these bark beetles were hosts for E. obtusus. Baujard (1984) also observed paratype females and males of this species and reported a three-lined lateral field and coarse annulations on the body surface. However, probably because of sample condition, he described the cucullus as a notch on the dorsal surface of the spicules and missed one pair of papillae. Here, we confirmed the presence of a cucullus attached to the strongly recurved distal end of each separate spicule and three pairs of caudal papillae.
Morphologically, this species is characterised by: i) well developed and flattened lip; ii) stylet lacking clear basal knobs; and iii) relatively broad female tail with variable tail tip, i.e., blunt, digitate or squared.
TYPE MATERIAL
The lectotype female and seven paralectotype females are on slide HWML 77980. An additional paralectotype female and one paralectotype male are on slide HWML 17594. Both slides are deposited at the University of Nebraska State Museum, Harold W. Manter Laboratory of Parasitology, Lincoln, NE, USA. The lectotype female is distinguished from the paralectotype females by morphometrics (see Table 3 ).
VOUCHER MATERIAL
In addition to the lectotype series, eight voucher specimens obtained by Massey in the 1970s, viz. HWML 77955 (one female) 44978 (seven females), are deposited in the same collection.
The voucher material obtained in the present study is deposited (Ektaphelenchus obtusus RGD727E) at Fort Lauderdale Research and Education Center, University of Florida, Fort Lauderdale, FL, USA. 
MOLECULAR CHARACTERISATION AND PHYLOGENY
The molecular sequences of E. obtusus are deposited in GenBank with the accession numbers AB368532 (SSU), AB368533 (D2/D3 LSU) and AB368531 (COI). The molecular phylograms of aphelench nematodes based on near-full length SSU and on D2/D3 LSU are shown in Figures 12 and 13 , respectively. Ektaphelenchus obtusus was inferred to be part of a clade with two Ektaphelenchoides species with 98% bootstrap support in LSU and with Seinura sp. with 100% bootstrap support in SSU. However, the specific identification of 'Seinura sp.' was not available in the GenBank sequence database and a detailed morphological comparison was not possible. Furthermore, no other Ektaphelenchus Fuchs, 1937 , Ektaphelenchoides Baujard, 1984 , Cryptaphelenchoides J.B. Goodey, 1960 or Cryptaphelenchus Fuchs, 1937 sequences were available for SSU comparisons and no Seinura Fuchs, 1931 species sequences were available for LSU comparison, making higher order comparisons very tentative. However, we have provided an increase in the sequenced material over what was available in Ye et al. (2007) and it is now clear from both SSU and LSU data that Aphelenchoides Fischer, 1894 is paraphyletic and that B. abruptus Giblin-Davis, Mundo-Ocampo, Baldwin, Norden & Batra, 1983 is sister to A. stammeri Körner, 1954 (Figs 12, 13) . In the original description, Giblin-Davis et al. (1993) also suggested the possibility of morphological convergence between B. abruptus and other 'xylophilus' group nematodes and subsequently Kanzaki and Futai (2002) supported this pos-sibility based on molecular phylogenetic analysis. Close morphological observation and comparison among B. abruptus, A. stammeri and other Bursaphelenchus and Aphelenchoides nematodes is necessary to help determine homology among morphological characters.
Additional remarks on several Ektaphelenchus species
Several additional morphological characters were found during the observation of the type and/or voucher materials of E. josephi, E. sandiaensis, E. smaelus (= E. prolobos) and E. terebranus. These additional characters are reported and photo-documented herein.
The morphometrics of the original description and type material observed by the authors are shown in Table 4 . General morphological traits of females and males of all four species, shown in Figures 14-21, are as described in the original descriptions (Massey, 1964, Baujard (1984) . All four species have all of the morphological traits which define the genus Ektaphelenchus (see Hunt, 1993) and we therefore describe only newly-observed characters and clarify some controversial points. Massey, 1974 (Figs 14, 15) MORPHOLOGY In the original description, the body surface structure is described as "Cuticle without lateral incisures, with very fine transverse striae". However, in our observations, relatively coarse striations were observed on the surface of both male and females. A three-lined lateral field, as reported by Baujard (1984) , was confirmed in one female.
1974) and observations by
Ektaphelenchus josephi
On the male tail, three pairs of caudal papillae, one pair preanal and two postanal, were reported in the original description. On the other hand, Baujard (1984) described two pairs (P2 and P4) of caudal papillae. In our observation, male tail of the type material was a little twisted and the ventral surface was damaged. Thus, we could not confirm the precise number of caudal papillae, although some projections were observed at the putative positions of P2, P3 and P4 on the ventral side of male tail. Therefore, we conclude that this species has three pairs of caudal papillae as described by Massey (1974) . The male spicule shape deviated from the original description. The capitulum is smoothly curved with triangular and bluntly pointed rostrum and long and rounded condylus. The lamina/calomus complex is rather wide, smoothly bent and ending with a squared to rounded distal end. A cucullus was not observed.
REMARKS
This species was described as an associate of D. ponderosae Hopkins and Pinus flexilis James, as was E. 
1) From anterior end. 2) From posterior end of metacorpus. 3) Measured as curved median line. 4) Measured as straight line from condylus tip to distal end. 5) Calculated from the figures in original description (Massey, 1956) . 6) Not available because of specimen condition.
obtusus (Massey, 1974) . However, detailed information about the isolation and association was not reported. Morphologically, this species may be characterised by: i) well developed and flattened lips; ii) well developed triangular stylet knobs; iii) hair-like projection on the male tail, and iv) conical female tail ending with a slightly elongated distal part and a bluntly rounded tail tip (see Massey, 1974) . Massey, 1964 (Figs 16, 17) MORPHOLOGY Characters that were omitted from the original description included the lateral field with three lines on the body surface, a feature that was confirmed on multiple specimens. The long post-uterine sac of a female was filled with sperm, but the posterior end was not clearly observed. Because several sperm had leaked into the intestine, the posterior end of the post-uterine sac was presumed to be ruptured. The males have three pairs of caudal papillae located just anterior to the cloacal slit, just posterior to the cloacal slit and in the middle part of the tail. The second pair, which was not observed by Baujard (1984) , is difficult to distinguish and is actually missing from the redrawing of this species by Massey (1974) . The male tail was described as "narrowly blunt, strongly sclerotized" by Massey (1974) . However, in the present observation of type material the male tail is a little flattened at the tail tip, this region appearing as a small, thick, 'bursa', although a true bursa is absent. The spicule shape varies contingent upon the different viewing focal planes of the available specimens. The capitulum curves smoothly from a long and blunt condylus to a triangular to conical rostrum. The lamina/calomus complex is rather wide, smoothly bent and ends with a squared to rounded distal end. The distal end is slightly recurved dorsally. A cucullus was not observed.
Ektaphelenchus sandiaensis
REMARKS
This species was described as an associate of Scolytus ventralis LeConte in white fir, Abies concolor (Gord. & Glend.) Lindl. ex Hildebr. This species is characterised by: i) lip morphology, which is not strongly offset, and was originally described as "almost continuous with body Massey, 1964 (Figs 18, 19 ) = E. lepidus Massey, 1971 = E. smaelus Massey, 1974 MORPHOLOGY Six females (type specimens for E. smaelus) were available for the present study. As described by Massey (1974) and Baujard (1984) , the lateral field was not observed on the body surface. The specimens we observed had thick (loose) cuticle with relatively coarse longitudinal striations which we assumed to be an artefact of fixation and/or mounting. Thus, the number of lateral lines should be re-examined and confirmed with living specimens. Also, coarse transverse striations, which were not reported in the original description, were observed in some individuals. The female tail is slender, conical and with a variable tail tip, i.e., bluntly pointed to pointed with a mucro-like ventral projection.
Ektaphelenchus prolobos
REMARKS
This species has been reported three times; first as an associate of Dryocoetes confusus Swaine in corkbark fir, Abies lasiocarpa (Hook.) Nutt. var. arizonica (Merriam) Lemmon (= E. prolobos: Massey, 1964) , secondly, as an associate of the weevil Pissodes approximates Hopkins in red pine, Pinus resinosa Ait. (= E. lepidus: Massey, 1971) , and thirdly as an associate of D. confusus in A. lasiocarpa and Ips pini (Say) and Pityophthorus sp. in eastern white pine P. strobus L. (= E. smaelus: Massey, 1974) .
The characterisation of this species is difficult for us to confirm because we did not observe male individuals. However, based on female morphology, this species may be characterised by: i) weakly developed lip region; ii) stylet lacking clear knobs; and iii) conical and slender female tail with variable tail tip (see Massey, 1974) .
The putative species E. prolobos is the product of synonymy proposed by Baujard (1984) and includes three morphologically very similar nematodes from four disparate host beetle and tree species. However, detailed studies of the association of E. prolobos with its vector (host) beetles have not been done. Also, the host specificity of the genus Ektaphelenchus is still unknown. Molecular characterisation is therefore necessary to determine if these four populations from different host beetle and tree species do indeed conform to a single species, E. pro-lobos, with a wide host range, or whether E. smaelus and E. lepidus should be resurrected as valid species. Massey, 1974 (Figs 20, 21) MORPHOLOGY Only two females were available for observation. The lateral field (number of lines undetermined), not observed in the original description, was confirmed as present on the body surface. Also, in addition to the coarse annulations described in the original description, fine annulations were observed on the body surface. The stylet length was reported as 35 μm in the original description and the stylet length was employed as the key character in a pictorial key (Massey, 1974) . However, in our observations of type material and calculations from the original figures the stylet lengths correspond to 26 μm (type material) and 27 μm (original figure). 
Ektaphelenchus terebranus
REMARKS
This species was described by Massey (1974) as an associate of D. terebranus (Olivier). This species was subsumed under E. macrobulbosus Rühm, 1956 by Baujard (1984 as a junior synonym and then resurrected by Hunt (1993) . Although Baujard (1984) reported the presence of three incisures in the lateral field we could not, using the same specimens that he observed, verify this point. Morphologically, this species is characterised by: i) well developed and flattened lip region in lateral view; ii) stylet lacking clear basal knobs; and iii) conical female tail with bluntly rounded tip.
Ektaphelenchus terebranus is morphologically very similar to E. obtusus. The former species was distinguished from the latter by body surface structure (fine vs coarse transverse striations), longer stylet (35 vs 24 μm), more prominent stylet retractor muscles, prominent pharyngeal gland orifice and tail shape (narrowly rounded vs broadly rounded) (see Massey, 1974) .
However, based on our observation of the type and/or voucher material, the body surface structures of these two species are mostly the same and the stylet length of E. terebranus is shorter than claimed in the original description (Figs 20, 21; Table 4 ). Furthermore, the differences in retractor muscle and pharyngeal gland orifice are too vague as characters to compare and female tail morphology has wide variation within a species. Thus, these two species are barely distinguishable from each other and, based on morphology, E. terebranus might be a junior synonym of E. obtusus.
On the other hand, these two species were isolated from different vector (host) bark beetles and the characteristic nematangia reported in E. obtusus is not reported in E. terebranus. Re-isolation of E. terebranus, detailed morphological observation and molecular analysis using living materials are necessary to clarify the relationship between these two species.
Discussion
NEMATODES IN THE NEMATANGIA
In the present study, two species of nematodes, E. obtusus and B. rufipennis n. sp. were found in the nematangia formed on the hind wings of D. rufipennis. Several authors have reported similar phenomena. Ektaphelenchus obtusus was originally described from a cocoon-like structure formed inside the elytra of D. rufipennis (Massey, 1956 (Massey, , 1974 and B. rufipennis n. sp. was also found from the same cocoon and reported as B. talonus by Massey (1974) . Penas et al. (2004) reported that Ektaphelenchus sp. and B. teratospicularis Kakulia & Devdariani, 1965 were found in a cocoon-like structure under the elytra of Orthotomicus erosus (Wollaston) whilst Rühm (1956) described juvenile females of E. betulae Rühm, 1956 forming a coil-like sheath with dauer juveniles of B. ratzeburgii Rühm, 1956 often found in the same sheath. Rühm (1956) also stated that many Ektaphelenchus species formed cocoon-like structures beneath the elytra.
In the present study, the nematangia, or cocoon-like structures, were formed on the hind wings, not the elytra. We do not have any clear explanation for this difference although Rühm (1956) reported that the structure and position of nematangia varies among Ektaphelenchus species and/or different host species, e.g., relatively thick and strong sheath or thin hull, associated with elytra or tergites. Thus, the specificity of the nematangia production site may not be high and/or may be affected by other biotic or abiotic factors, such as associated microbes or temperature within different areas of the distribution of the beetle host and nematode associate. It is also possible that non-entomologists might have missed nematangia on the hind wings during dissections. Careful observation of the hind wings of other vector bark beetles is necessary to confirm the range and universality of this phenomenon in the genus Ektaphelenchus.
MORPHOLOGY OF EKTAPHELENCHUS
The type and/or voucher specimens of five Ektaphelenchus species, namely, E. josephi, E. obtusus, E. sandiaensis, E. smaelus (= E. prolobos) and E. terebranus were compared morphologically. Unfortunately, many variable quality descriptions have been made for Ektaphelenchus spp. and type specimens of several species were unavailable. Thus, we could not compare all Ektaphelenchus species in the same condition and construct a comprehensive taxonomic system. However, as Massey (1956 Massey ( , 1964 Massey ( , 1974 and Baujard (1984) reported, these five species diverge enough in their morphology to establish common typological trends, i.e.: i) the presence/absence of stylet knobs (only E. josephi has clear knobs); ii) presence or absence of a cucullus (only E. obtusus has a prominent cucullus); iii) development of lip region (well developed in E. josephi, E. obtusus and E. terebranus); iv) tail tip of males (a hair-like spike present in E. josephi and flattened in E. sandiaensis), and v) female tail shape, which is variable among species with a number of divergent characters. In contrast to observations by Baujard (1984) , the following characters appear to be synpleisomorphic to these five species: i) body surface with coarse transverse striations and fine annulations; ii) three pairs of male caudal papillae (if male was reported); and iii) three lines present in lateral field (if observed).
Re-isolation of the species, detailed life history and morphological observations, using SEM, and molecular analysis would be helpful to construct a comprehensive understanding of species limits, phylogeny, coevolution and the systematics of this genus.
RELATIONSHIP AMONG THE GENERA WITHIN THE SUBFAMILY EKTAPHELENCHINAE
The genus Ektaphelenchus is morphologically very similar to the genus Cryptaphelenchoides. According to Hunt (1993) , these two genera could be distinguished from each other by lip morphology, i.e., lateral lips are narrower than the other four lips (Ektaphelenchus) or all lips are of equal width (Cryptaphelenchoides) and absence (Ektaphelenchus) or presence (Cryptaphelenchoides) of a cucullus, which is referred to as an apophysis in the case of Cryptaphelenchoides, at the dorsal distal end of the spicules (Hunt, 1993) .
In the present study, we confirmed a cucullus at the distal end of the spicules in type and voucher specimens of E. obtusus and narrower lateral lips in newly-collected specimens, although the precise lip morphology was not observed in type material because of artefacts due to compression and flattening. Baujard (1984) regarded Cryptaphelenchoides as a junior synonym of Ektaphelenchus and lumped these two genera together making C. macrostylus (Khan, 1960) Nickle, 1970 a junior synonym of E. obtusus. However, Hunt (1993) resurrected the genus Cryptaphelenchoides and reinstated C. macrostylus because its lip shape was inconclusive. He left E. obtusus in Ektaphelenchus, but as a species incertae sedis until further morphological observations on the lip morphology could be made. Ektaphelenchus obtusus has key characters of both genera, i.e., unequal lips and a cucullus and is considered here to be an intermediate species. Cryptaphelenchoides scolyti (Rühm, 1956 ) Hunt & Hague, 1976 is an associate of Scolytus scolytus (Fabricius). As with Ektaphelenchus it is vectored beneath the elytra of bark beetles, but inseminated females only have their head region attached within individual, sclerotised, sheath-like structures located beneath the elytra (Hunt & Hague, 1976) rather than ensheathment inside a cocoon-like structure. In a later work, Hunt (2008) accepted the synonymy of Cryptaphelenchoides under Ektaphelenchus.
Based on the molecular sequence of ribosomal DNA, E. obtusus was monophyletic with Ektaphelenchoides pini (Massey, 1966) Baujard, 1984 , E. compsi Baujard, 1984 and a Cryptaphelenchus species (Figs 12, 13) . The genus Ektaphelenchoides is distinguished from Ektaphelenchus by its lip shape, presence of two narrower lateral lips vs six equal lips and male and female tail shape, being blunt vs spicate or tapering (Baujard, 1984; Hunt, 1993) . Cryptaphelenchus is significantly different from the other members of the subfamily, i.e., it has a stylet with a narrow lumen and very small body size (Hunt, 1993) . However, on the basis of other characters, e.g., female post-uterine sac and male caudal papillae, E. obtusus and the two Ektaphelenchoides species mentioned above cannot be easily separated into two typologically generic lineages, i.e., the female post-uterine sac is short in E. obtusus and E. pini and long in E. compsi, while E. obtusus and E. compsi have two postanal pairs of male caudal papillae and E. pini only one pair. The Cryptaphelenchus sp. closest to E. obtusus in Figure 13 has the typical morphology for the genus and is easily distinguished from the other three species (Zhao et al., 2008) . The molecular differences in LSU between these three species are akin to the differences between some clades within the genus Bursaphelenchus where many more representatives have been sequenced (Figs 12, 13 ) (see Ye et al., 2007; Zhao et al., 2008) . A comprehensive molecular and morphological comparison is needed to help resolve the phylogeny of these three genera in the subfamily Ektaphelenchinae.
